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TABLE 2.-Years of large departures of d i d  urbing element 

Year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1887 

Deviations of M a y  Argen- 
tine pressureZf2mm .____ 2 3 

Temperatures in east United 
States followinz Sentem. 

Year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1874 1892 1894 1896 1902 1805 1909 1914 1915 1917 1919 l ~ l ~ l ~ l ~ l ~ l ~ l ~ l . ~ l ~ l ~ l ~ ~  1892 1902 1806 .1910 1915 1917 1919 leZ0 
--------- 

2.8 -2 3 -21.1 2.0 -3.1 3.7 -3.1 -2.1 Deviations t f l  mm. of 
A r g e n t i n e  p re s su re ,  
April-June _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Deviations of the Nile 
flood, 3 months later: 

Computed _ _ _ _ _ _ _ _ _ _ _ _  A c t d  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1.3 2.4 1.5 1.5-1.6-1.0 1.3-1.5-1.4 1.2-2.0 

8 7 8 4 -6 -6 2 -3 -7 2 -3 
4 7 5 5 -5 -3 4 -5 -4 4 -6 

Year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Deviations of the annual 
precipitation at Charles- 
ton ?+ 15 inches _ _ _ _ _ _  _ _ _  

Deviations of temperature 
in Germany March- 
&fay. ~!i yeark later: 

.4ctual.. _ _ _  _ _ _  _ _  -. - _ _  - - 
Computed.. . - -. - - - ._. . 

Pear ..--. . . - -. _ _  _ _  -. - -. _ _  -. 

~~ 

Devlations of the 
annual precipita- 
at  Charleston Z f  

Deviations of the 
North Atlantic cir- 
culation 2% years 
later, becember- 
Febnurr : 

15 inches _ _ _ _ _ _ _ _ _ _  -16 -17 -11 

Actuar ._________ I 01 -101 -31 -171 --;I 41 
Computed _ _ _ _ _ _ _  -5 -10 -10 -10 8 2 :  5 6 .  

Y W  _______._________ 76/77 78/79 79/8080/8187/88 95/96W/0109/10 loll1 13/1, 

1874 1876 1877 1878 1885 1893 i m i I i ~ ' i s i ~ l i 9 i 7 j i o * ~  
- _------ I I I ~ I ~ I I-I-I-- 

I I I I I I I I I I I  

- 
1917 
- 

- l! 

'I 
l 9 l i  
- 

Year-..-- 1874 1878 1879 1887 1892 
-____-- 

Deviations of 
thn Nile flood 

Z * 6  or Zf2g 
percent.----. 8 7 6 6 7 

Deviations of 
German tem- 

rature fol- P owing D e -  
cember-Feb- 
Naryo c.: 

Actual. - _ _ _  -1.6 -1.0 -3.5 -1.8 -2 7 
Computed. -1.4 -1.3 -1.1 -1.1 -1.3 

1915 
- 

-, 

2.8 
1.3 
- 

1894 1895 1888 1902 
_- 

8 6 -6 -6 

-3.1 -a 4 -0.5 0. 
-1.4 -1.1 1.1 1.1 

1905 I 1907 
--- 

-6 -7 

1.2 a2 
1.1 1.3 

____ 

ber-November- 
1.4 

1913 

-12 

0.1 
2.: 

Regression equation: Atam.. =-0.51A.,,.. . 
Contrast probability, AD,-.. . ZZmm., 100 per cent. 

15 

1877 

30 301 29 u) 23 -15 -16 -17-16 -15 -17 

-0.~-1.4-1.4-1.3-0.9--1.0 0.7 0.7 0.8 0.7 0.7 0.8 
1879 1880; 1881 18R9 188811904 1910 1911 1914 1920 leal 

-1.7--1.e 0.3-1.3-1.5-0.21 0.4 0.6 0.8 1.1 2.8 1.9 

15 

. 4  
3 

1876 

Regression equation: AtemD. = -0.04RADreciD. 
Contrast probability, ADreciD. %t15,92 per cent. 

---I --__-_--- 

30 30 29 20 23 -15 -16 -17 -16 -15 -17 

7 6 2 6 6 0 2 - 1 - 1 2 - 3 - 5  
7 7 6 4 5 -3 -4 -4 -4 -3 -4 

1878 1879 11180 1887 1895 1903 1909 1910' 1Y13 1919 18ao 
I 

Year ._.__.____ 1874 1876 1877 1878 1985 1883 imi  1807 1808 1911 1917 1 ~ 1 8  I I I I I I I I I I I I  
- Deviationsof the an- 

nual reci itation 
1918 a t  c g a r f e s t o n  

Z f 1 5  inches 
Deviations of the 

Nile flood 2 years 
later: 

- 

~~ .~~ 
Actual.. _ _  - - _ _ _ _ _  
Computed _ _ _ _ _ _ _  

Year _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -17 

Probabllity=10/12-83 per cent. 
Regression of equation:  AN^. =0.22ADroo iD 

1 
6 

0/21 

Regression equAtlon: Ache. = -0.34AD...i.. 
Contrast probability, ADrcoiD. Zf15, =11/.12=92per cent. 

NOTES, ABSTRACTS, AND REVIEWS 
LAPSE RATE IN NIMBUS CLOUDS 

By W. PEPPLER 
(Abstracted from Meteorologische Zeitscbrift, May, 1928, by W. R. Stavens) 

The observational material upon which the author has 
based this study was obtained from the numerous captive- 
balloon ascents made over Lake of Constance between 
the years 1910 to 1927. In  order to eliminate pure stratus 
clouds, only ascents were used which showed a cloud 
thickness of a t  least 2 kilometers. Furthermore, all 
records were eliminated which indicated a possibility of 
error due to ice deposit on the meteorograph or which 
showed discontinuities of temperature or huniidit,y within 
the cloud. I n  this way we are assured of temperature 
gradients in homogeneous clouds. The temperatures and 
pressures given in the tables represent mean values over 
a range of 500 meters. 

Table 1 shows the mean lapse rates with respect to 
certain temperatures without taking into consideration 
either height or pressure. N indicates the number of 
observations. 

Between + 1' C. and - 1' C. there is a depression to 0.51, and a t  
lower temperatures there is an approximately linear 
decrease to 0.68 a t  - 14' C. 

Table 2 shows lapse rates in nimbus clouds with tem- 
peratures and pressures as arguments. 

Above 3' C. the lapse rate is about 0.57. 

At pressures less than 620 mm. (about 1,500 meters) 
the gradient decreases from 0.58 at  6 O  C to 0.52 a t  
-2' C. and increases a t  lower temperatures. Much the 
same conditions prevail a t  the other pressures considered. 

When the mean temperature gradient is computed 
with respect to pressure, as in Table 3, almost the same 
gradient prevails between 480-660 mm. 

It is seen from Tables 1-3 that the computed gradients 
in nimbus clouds do not coincide with those which 
theoretically should prevail. The difference (observed 
minus theoretical) between observed and theoretical 
values are given in Table 4. 

At temperatures of 3' C. the observed and theoretical 
gradients correspond; but a t  temperatures near zero to 
- 10' C. there is a uniform difference of about -0.06. 

Table 5 shows the difference a t  various temperatures 
divided into three intervals of pressure and indicates 
much the same as Table 4. 

Table 6 gives the percentage frequency of various dif- 
ferences between observed and theoretical gradients. 

Small negative deviations between zero and -0.08 
are most fre uent. The question which naturally arises 
is whether t B e differences between observed and com- 
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4. 0/2. 1 2. o/o. 1 
0. 57 0.51 

45 68 

0.64 0.67 
-8.0/-9.9 -10.0/-11.9 

32 25 

puted gradients are real and, if so, how t,hey are to be 
explained. 

The author lists four fac.tors u-hic.li inay be responsible 
for the differences: 

1. The vertical exchange of heat within the cloud 
throu h radiation. Since mea.surements are not a.vai1- 

2. Absorption of solar radiation by the c.loud, especially 
in the upper part. 

3. The effect of precipitation which tends toward a 
diminution of the lapse rate. Even when no prec.ipita.- 
tion occurs the heavier drops sink and bring about an 
exchange of heat. This factor appears to be very 
important in decreasing t,he lapse rate. 

4. Incomplete m.ixing of (a) air niasses of different 
temperatures and ( b )  apparent'ly homogeneous layers in 
which vertical motion and condensation has ceased. 

The lapse rate was determined for three portions of 
each cloud and the following inean result,s obtained : 
Lower part, 0.58; central part', 0.60; upper part,, 0.56. 
Theoretically we should expect a gradual increase with 
altitude. In  this connection it, may be of interest to 
quote from Swing in "Wissenschaftliche Luftfalirten " : 

A relatively low lapse rat.e was found in the lower part of thick 
rain clouds above which was 3 layer approaching adiabatic-the 
principal condensation layer. Above the cent.ra1 portion, in spite 
of the sharply bounded surface, the clouds were so tenuous t,hnt 
eunshine penetrated far into them. 

I n  the lower portion of a nimbus cloud there frequent,ly 
exists a zone of mixing of diflerent air masses, especially 
when the cloud lies directly above a suriace of discon- 
tinuity, resulting in snialler lapse rate t,han would other- 
wise prevail. 

The snialler lapse rate in the upper portion of the cloud 
seems to be a result of mixing of different air masses and 
the absorption of solar radiation. Since the upper por- 
tions of thick nimbus clouds usually consist of ice crystals, 
and since all the ascent,s were made during the day, t,he 
latter factor would be a very import,ant one. I t  seems 
that a t  least 20 per cent, of t,he t,otal rndiat,ion woiild be 
absorbed hy the c.loud. 

In  conclusion t.he aiithor brings a,ttent.ion t,o t,he 
following problems which need to be solved : 

1 .  Temperature dist.ribut,ion in clouds, especially in 
rega.rd to the difference between theory and ohservat'ion, 
treated in this paper. 

2. Vertical thermal st8ructure of clouds; discont,inuit,ies 
which frequently occm in nimbus clouds, especially before 
and after precipitation within strat.a or as a result of 
convection. 

3. Effect of radiat>ion bet.wce.n cloud layers, especially 
in the upper portion and a t  the upper surface. 

4. Distribution and magnitude of the factors of con- 
densation; supersaturation and supercooling in clouds. 

5.  Atmospheric electricity in c.louds, espe.cially in case 
of manifold stratification, which would probably provide 
a key to the explanation of the sudden uniting of separat,e 
layers and the energetic c.ondensat,ion which ensues. 

6. Measurement of temperature and humidity witah 
the aspiration psychrometer in free balloons and at  the 
same time with meteorographs in kites, captive ballooss, 
or airplanes, especially a t  temperatures near zero, in 
order to determine whether bhe observat,ions obt8ained 
by means of the meteorograph is correct. The impor- 
tance of this question should be emphasized. 

able t K e order of magnitude is not known. 

0. O/l. 9 -2 0/-3.9 
0.62 0.55 
80 78 

a m  _ _ _ _ _ _ _ _ _ _ _  -12.0/-15.9 _ _ _ _ _ _ _ _ _ _ _  
18 - - - - -_ -____  

T ........ --4.O/-5.9 -G.O/ - i .Q 
dT./lW--l ...... 0. g; i 0.60 57 
N.. 

.. _ _ _ ~ ~  ~- -. 

T. (" C.) ...................... 
>CBmm ..................... 
N 
6?0-\5iO mm.. 
N 
<ai0 mm.. ............................. 
N ....................................... 

............................. 
................. 

............................. 
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_ _ _ ~  
8.0/4.1 4.0lO.O -0. I/-4.0 4 . 1 1 - 8 . 0  <-8.1 

0.58 0.55 0.52 0.63 _ _ _ _ _ _  _ _ _ _  
w 26 25 20 - - - - -. - - - 

0.5s aM 0.5 i  ,054 0. 53 
?a G I  73 5s 33 

0. M 0.54 0.57 0.67 
53 40 33 

TABLE 1 

T .  (" C.) 
Difference. .......... 
N . - - - - - - -. - -. -. - - -. - 

............ 
I 

6.014. 1 4.0/3.1 2.0/0.1 O.O/-l.S 
-0.;; 1 -0.07 -0.01 

+O.!i 22 , 37 81 

TABLE 2 

T. P c.) ............ 
DiSerence. .......... 
N ................... 

I 
-2.0/-3.0 -4.01-5.9 -s.o/-i .g -s.o/-Q.Q s-iao 

-0.07 -0.07 I -0.;; I -0.g 1 -0.06 
43 73 j 65 

TABLE 3 

<5i0mm ..................... ~ .......... , -0.m 
N ....................................... i Z i  

Pressure (mu.) ......... 480/510 511/540 541/570 571/600 601/630 63l/asO 
N ....... :. .............. 80 
dT./100 ................. 1 0.:; 1 0.;; I O i i T  1 O i i i  1 Oig 1 0.67 

-O.M -O.W -O.M 
55 41 33 

Difference ...I +O. 25/0.?0 
Per cent ...... 1.0 

Difference ...I -O.Ol/-0.05 
Per Cent .... 2?. 1 

Per ccnt ..... 

+O. 19/0.15 +O. 14/0. 10 +O. W/O. 05 +0.04/0.W 
3.3 6.6 9.8 la. 2 

-O.OR/-0. 10 -0. 11/-0.15 -0.16/-0.20 ............ 
13. ? 9.8 7.4 ............ 

2. 3 0 .3  0.7 ............ 
-O.'%/-O. 30 -0.31/-0.35 <-0.38 ............ 

An engineering classic.'-In a paper: recently presented 
to the Ameiicaii Society of Civil Engineers, Profs. S. M. 
Woodward and F. A. Nagler have given the profession 
an engineering classic. Their paper is an analysis of 
fact so keen and a t  the same time so fair and judicious 
in both niethod and conclusion as to constitute a model 
of engineering induction. If these qualities give it ap 
exceptional fascination to the inquiring mind, its 
strength of appeal is further heightened by the subject, 
which is one of the most perplexing factors surrounding 
floods and flood protection. 

Serious attention to the destructive power of floods 
and how to guard against them has been long delayed. 
Little real engineering study was given to the matter 
until about twenty years ago, and not until the phe- 
nomenal rainfall that deluged the belt of country north 
of the Ohio River in 1913 did flood protection gain a 
place in the first rank of engineering problems. Even 
after this period, and in spite of n steady repetition of 
flood disasters, the public remained apathetic except 

1 Reprinted from Engineering News-Record July 5, 1929. 



locally in the wake of great destruction, as a t  Pueblo. 
The great flood in the lower Mississippi in 1927 finally 
translated the problem into such huge proportions as to 
assure the subject permanent attention. 

There are ordinarily long intervals between great 
000d9, and since all American river-flow records are 
short there is a tendenc.y for higher floods than any on 
record to make their appearance. Further, land culture 
and river-bank settlement modify stream flow. Under 
these conditions of complic.ation, various men have been 
inclined to single out either one or another factor in the 
situation as decisive, and develop c.orresponding1y indi- 
vidual theories of flood prevention. 

Thus, deforestation was widely blamed as a cause, of 
increased flood height. Others saw the chief source of 
trouble in the extension of land c,ultivation and the coin- 
cident reduction in soil c0ve.r. Soil erosion and flood 
incidence were c,orrelated by others, who therefore advo- 
cated contour plowing. And, finally, land drainage was 
charged by many with a material contribution to floods. 
Following the Mississippi Valley flood of last ye.ar in 
particular, drainage was brought in to bhe argument and 
by implication a distinct share in the destruction wrought 
in the lower valley was assigned to those progressive 
agricultural States along the upper and middle course of 
the river which had developed drainage most largely. It 
is this question of the influence of drainage upon floods 
that the paper in question finally places on a basis of 
definite proof by fact. Unreasonable as the argument of 
drainage influence was-since the increased soil-reservoir 
storage resulting from the lowering of ground-wat'er level 
due to drainage could only operate to retard run-off-it 
yet was sufficiently persistent and influential to have a 
seriously confusing effect on pro er understanding of the 

sors Woodward and Nagler thus contribute greatly to the 
advance of flood study. 

The method which they adopted in their analysis is im- 
tensely instructive. Briefly, they first studied the rwords 
of the development of land drainage in the upper Missis- 
sippi Valley, and found two large regions in which c h i n -  
age has been so far developed as to affec.t a large fraction 
of the potential run-off. The beginning of drainage devel- 
opment, however, was considerably later in the more 
wester1 of the two regions, so that substantially the 

past 20 years. On two large rivers which drain this 
region, careful flow observations have be,en made since 
before drainage began. Accordingly this region, in cen- 
tral and northern Iowa, was selected for the study. 

Prior to 1905, organized drainage work in this region 
was not very estensive, due to lack of suitable legislative 
authorization. The great bulk of the work was com- 
prised in the 10-year interval, 1907-1917. A 4-year 
record of stream flow, 1903-1906, was accordingly taken 
as representative of flood relations prior to drainage, 
while the 6-year period 1918-1923 was taken to represent 
conditions with drainage. The total c.ontributing areas 
above the several stream-gauging points range from 3,000 
to 14,000 square miles, and the drained fractions range, 
from more than one-third to substantially the whole of 
the area, for the later period of stream-flow comparison. 
The case thus selected for the study is remarkably well 
adapted to the purposes of the inquiry; nowhe.re else in 
the country could equally favorable conditions for the 
comparison be found, as the authors well emphasize. 

Sinc.e rainfall conditions and flood probabilities in the 
two selected flood-flow periods were in all likelihood quite 
dissimilar, the investigators made their analysis by study- 

flood problem. By laying the g Yl ost of drainage, Profes- 

whole B evelopment of drainage here oc.curred wit,hin t,he 
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ing part,icular storms and their run-off. Preliminary com- 
parisons of mont,hly run-off wit,h monthly precipitation 
during t,he spring mont,hs showed rather widely scatterin 
results, but the scatt,er areas for the predrainage an 
postdrainage periods c,oincided fairly well. Next, every 
storm that produced a flood exceeding a certain minimum 
was analyzed; again the plotted points showing relation 
of flood run-off to prec,ipitation fitted closely together for 
the t,wo periods. Thus the anlysis almost incontro- 
vertibly proved that drainage has caused no measurable 
difference in t,otal run-off. The same t8hing was found 
for peak rate of flow, t,he results again grouping closely 
enough to furnish a definite t,est of the question at issue. 
Thus drainage also has not increase t'he peak flow of floods. 

Though t8hese results afforded cl.onc,lusive proof, the 
aut,hors carried their analysis st,ill farther by applying 
a more. delica.te test of change in the water-retentive 
power of the st'ream basin due t'o drainage. This test 
was found in a c.oinparison of t,he rate of decrease ot 
flow after t,he flood peak, which decrease would obviously 
be more rapid for t>he less retentive condition; that is, if 
drainage caused the wat,er to disc.harge into the stream 
more rapidly, t,he flood wave should ebb away more 
rapidly after itw peak than it. did in the undrained condi- 
tion of the land. But the coixiparison showed no dif- 
ference, and it could only be concluded that the watershed 
was fully as ret.entire aft,er drainage as before. 

In deinonst,rat#ing t,hat land drsinage has had no detect- 
ible effect upon flood flow in livers, the authors build up 
their proof from data selected with t,he utmost care to 
get a fair comparison, and t,hcir analysis utilizes these 
d a h  wit,h the highest, degree of ingenuity and incisiveness. 
Their findings, as w-e said above, will be of distinct assist- 
ance in fosbering sound engineering thought on flood 
prot,ection. Even beyond its value in this respect, how- 
ever, their studies will long stand as a classic, example of 
scientific engineering analysis. 

World Weather, Pa.rt 111, G .  T .  M'alker a.nd E. W.  
Bliss (Roy. Net'l. SOC. Mem. 2, 17, py. 97-134, April ,  
1928.-The present paper fornis a cont,inuat,ion of two 
pctpcrs in t,he Indian Meteorological Memoirs (vol. 24, 
pwt's 4 and 9) ,  and est,ends t,he tables of relations between 
20 centers of action to those between 32 centers. Of 
the new c.enters 9 deal wit,h teniperat,ures, 2 with pres- 
sures, 1 with Nile floods, 1 with 1c.e in the Barent,s Sea, 
while 1 old c.enter is abolished. The relat,ionships between 
t,he c,ent8ers may be expressed most' siinply in ternis of 
t,hree systems, t,he Southern oscillat,ion, the North 
At,lant,ic oscillation, and t,he Nort,h Pacific oscillation. 
The nature of t,he relat,ions wit'h the oscillations are 
tabulnbed, t8he degree of closeness being shown numerically 
and the signs -k or - used to indicate growth with an 
increase or decrease of the atmospheric drculation. Of 
the new centers the t,eniperatures of Bat'avia and Samoa 
and the Nile floods are very important in the Southern 
oscillation, Samoa having in all in the four quarters 37 
coeficient,s of 0.6 or over, Batavia temperature 78 
"significant" coefficients during the year and the Nile 31 
in one season. The oscillations are not regarded as con- 
t,rollcd by sun spot,s numbers but as systematic swayin 
of int,erconnect,ed world c.ondit.ions which are slight y 
intensified or checked hy solar condit,ions.-R. 8. R. 

New rainjall a.nd temperatwe map of North Ca.TolLna.- 
9 large shaded map of annua.1 rainfall with annual iso- 
t.herms and also drainage basins and gauging stations 
printed on it has been prepared by Charles E. Ray under 
t,he supervision of Thorndike Saville and published by the 

2 

y 

~~ ~ 

1 Reprinted from Science Abstracts, Aug. 26, 1928. 
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water resources division of the North Carolina depart- 
ment of conservation and development. It constitutes 
Plate I of Economic Paper 61 (1928). While the features 
of the rainfall do not stand out clearly owing to the other 
items on the map, the heavy rainfall of over 80 inches on 
the southwestern highlands ,and the moderate rainfall of 
under 40 inches in the valley in the rain shadow to the 
north are in evidence. I n  the east the rainfall is nioder- 
ately heavy, 50 to 55 inches being most prominent, though 
less than 50 and even under 45 occupy belts inland and 
on the southern portion of the coast. The mean annual 
temperatures range from under 50 in the extreme north- 
west to over 63 in the southeast. The bases for these 
isohyets and isotherms are the full records from the 
climatological stations in the State. A more conipre- 
hensive study of the rainfall, including due consideration 
of homogeneity of the years of record, is in prepara- 
tion.--0. F. B. 

Proposed meteorological service for East A-frica.--hlr. 
Charles H. Albrecht, American consul a t  Nairobi, Colony 
of Kenya, Africa, communicates the following- 

“The establishment of a meteorological service em- 
bracing British East African territories and Egypt and 
linking up with similar services in other parts of the 

‘ 

world is foreshadowed in a memorandum which has been 
circulated to members of the Kenya Legislative Council. 

“Some of the benefits of the service, the cost of which 
would be met by the various territories concerned, would 
include a permanent survey of climatic conditions affect- 
ing human and crop disease, insect pests, the ascertain- 
ment of the relation of climate to reafforestation prob- 
lems, rainfall forecasts, and the best routes for air 
services.” 

dfeteorological summary for Chile, August, 1928 (by J .  
Bustos Aacnrrete, Obscroatorio del Salto, Santiugo, Chile).- 
There was some increase in the activity of atmospheric 
circulation, especially in the second half of the month. 
The chief depressions were those of the 4th-6th,wit,h rain 
north to Concepcion; 15th-lGth, with rain north to 
Curico; 21st-24th, with scattered rains in central and 
southern regions; 25th-27th, with squally westther north 
to Valparaiso; and 29th-31st, with rain north to Arauco. 

Periods of fine weather accompanied the high-pressure 
areas charted as follows: lst-5th, 7th-l3th, and 17th- 
22d. 

Total precipitation for Au ust: Santiago, 0.32 inch; 
Valdiria. 6.9s inches.-Trnns e nted by W. W. R.  
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